The consequences of the growing demand for water include a significant deterioration in its quality and a drastic decline in biodiversity, which is a serious threat to the hydrological and biocenotic balance of freshwater ecosystems. A good indicator of aquatic environment quality is macrophytes. Studies on macrophytes are one of the primary elements in the ecological status assessment of surface waters, in accordance with the guidelines of the Water Framework Directive. In Poland, research on the ecological status of rivers with regard to macrophytes has been carried out since 2008, using the Macrophyte Index for Rivers (MIR), which takes into account the number and coverage of macrophyte taxa. An analysis of numbers of species that need to be indicated at a site for valid assessment of the ecosystem was conducted on the basis of studies on macrophytes from 2008-2013, at 60 sites in small lowland rivers with a sandy substrate, of which 20 sites were selected on the most diverse watercourses: the least clean (quality class V), moderate (quality class III), and the cleanest (quality class I). The results of the botanical studies served to assess the completeness of the samples (the number of species recorded at a site) used to evaluate the ecological status of a river. The proposed analyses enabled estimation of the approximate number of species required to determine the MIR for rivers in each quality class.
Introduction
The rapid development of civilization entails increasing pressure on the environment. Therefore, various actions to counteract water degradation are of utmost importance. Over the years, a number of methods have been developed to assess and monitor water ecosystems, in order to halt their destruction and evaluate the environmental impact of human activities. At the end of the 19th century, bioindication was already the subject of various research, which focused on assessing the relation between the aquatic environment and organisms living therein (Kolkwitz and Marsson, 1902) . Such methods have been used, with local modifications, for more than fifty years (Starmach et al., 1976; Zimny, 2006) . It has been noted that various groups of organisms, in particular macrophytes, may be used for the purposes of bioindication and water quality assessment Zelinka and Marvan, 1961) .
Macrophytes (just like other organisms) are continuously exposed to aquatic environmental pressure. Recognition of their sensitivity to a specific contaminant enables determination of the degree of degradation of the aquatic environment resulting from a given pressure acting over a longer timeframe. They are distinct in this respect from other organisms such as phytoplankton and zooplankton, which react very quickly (Wiegleb, 1979; Haslam, 1982; Holmes et al., 1999; Ceschin et al., 2010; Szoszkiewicz et al., 2017 ).
The quality of flowing waters in Poland is characterized by a biological indicator, the Macrophyte Index for Rivers (MIR). The index was developed on the basis of the occurrence of selected macrophytes serving as indicator species (Szoszkiewicz et al., 2010) , and its determination is one of the elements of the Macrophyte Assessment Method for Rivers. Since 2008, it has been one of the indicators used by the Ministry of the Environment for classifying and monitoring water quality (OJ, 2016) . The MIR is based on research carried out on a hundredmeter river stretch, and takes into account the occurrence and number of species.
The study includes a description of the cleanest (quality class I), moderate (quality class III), and the dirtiest sites (quality class V) on Polish lowland rivers with a sandy substrate, in terms of the frequency of occurrence and coverage of macrophyte species. Based on simulation analyses, a determination is made of the number of species that need to be identified at a site in order for them to be considered a sufficient source of information in determining the MIR indicator, which aims to reflect the actual state of the aquatic ecosystem.
Given the nature of the research and the associated large costs and workload, it seemed appropriate to use the simulation model as a tool for the preparation of analyses facilitating the making of decisions regarding environmental protection.
Significant fluctuations in the examined feature (response variable the standard error of the means) were observed in various ranges of the explanatory variable (missing number of macrophyte species). This means that it was very difficult to formulate a general model to describe the relationship between the response and explanatory variables. Thus, an approach based on multi-phase in particular, twophase analysis seemed to be appropriate. The merits of the use of two-phase analysis may be observed in the graphic representation of the data in the coordinate system; in particular, when there are two points at which a completely different reaction of an observed feature occurs. Such points will be referred to as changepoints. The aim of many research projects, including the present one, is to localize (obtain the coordinates of) one or a few such points. Apart from the identification of changepoints, great interest is also shown in questions of inference in reaction models (e.g. regression models).
The search for changepoints in various biology-related fields has been undertaken by many researchers (Sprent, 1961; Hudson, 1966; Hinkley, 1969; Bacon and Watts, 1971; Watts and Bacon, 1974; Kirby, 1974; Lerman, 1980; Seber and Wild, 1989; Lavielle, 2005) . In particular, Pruska (1996) gives an overview of parameter estimation methods, where the relationship between the examined features is described by means of multi-phase regression.
In its simplest form, changepoint detection has been understood as estimation of the point at which a change in the statistical properties of the observation sequence occurred. Detection of such changes is vital across different fields of application. In particular, such analysis has been widely used in climate science (Reeves et al., 2007) , applications of bioinformatics (Erdman and Emerson, 2008) , finance (Zeileis et al., 2002; Zeileis et al., 2010) , oceanography (Killick et al., 2010) , and medicine (Nam et al., 2012; Hirotsu, 2017) .
The aim of the present study was to check whether it is possible to provide an approximate number species found at a site which is necessary to obtain the MIR indicator, based on the standard error of the means.
Materials and methods

Experimental data
Physicochemical criteria were considered based on the state environmental monitoring database, for which water samples were collected at monthly intervals (12 monthly samples). The selected sites represent a wide trophic gradient based on the concentration of phosphorus (reactive and total phosphorus) and nitrogen (total nitrogen). Only sites at which nitrogen concentration correlated with the concentration of phosphorus were selected for analysis (Official Journal, 2016) .
The analysis used data obtained from research on macrophytes conducted in rivers of the lowland area of Poland. All sites were of the same abiotic type: medium-sized lowland rivers with a sandy bottom, located less than 200 m above sea level. Studies on macrophytes were conducted at water sampling stations on river stretches with a length of 100 m, in the period from 2008 to 2013, from July to the beginning of September. The samples were collected at monthly intervals.
A detailed methodology of the experiment is contained in the paper of Szoszkiewicz et al. (2017) .
Statistical methods
For simulation analyses aimed at explaining the patterns occurring during MIR determination, data from 60 sites were used, on rivers representing three classes: 20 sites of class I (the cleanest rivers), 20 sites of class III (medium soil), and 20 sites of class V (the dirtiest rivers). For the set of macrophyte species detected therein, all possible subsets were determined as k-element combinations (k=1,…, n) from the n-element set. The Macrophyte Index (for a site) was calculated from the following formula:
Determining the change point for the error in the Macrophyte Index for Rivers 219 where: Li is the number of the indicative value for the identified species i (Li=1,…,10), where 1 denotes a low indicative value and 10 a high indicative value; Wi is the weight coefficient for the species i (Wi=1, 2, 3), where 1 denotes a low indicative value and 3 a high indicative value; Pi is the coverage rate for the species i, on a 9-point scale.
For the set of macrophyte species (observations), the mean MIR for all species from the site, and the mean MIR over 1000 selections for individual combinations with respectively one, two, etc. species removed, were calculated.
Furthermore, the variance, standard deviation, and standard error of the mean were determined. For this purpose, proprietary software written in C++ was used.
A pseudo-random number generator from the Boost library was used to determine the observations in subsequent iterations of the algorithm (Table 2, Figure 2 ).
At this stage, it was necessary to select a feature for further statistical analysis.
Such analysis may be based on the mean MIR or the standard error of that mean (SEM). It should be noticed that the mean MIR is subject to significant fluctuation (variability), which is related to the number of the species observed, but also to a large extent to the weights W and P assigned to macrophyte indicator species. In this case, the inflection point may be at the point of apparent change in the trend. The approach based on the LR test was extended to changepoints for variances as part of observations of the normal distribution (Gupta and Tang, 1987; Silva and Teixeira, 2008; Eckley et al., 2011) . In accordance with the methodology of the likelihood ratio test, it is essential to determine the maximum likelihood function (we usually calculate the maximum for a logarithm function), for both the null and the alternative hypothesis.
For the null hypothesis we will determine the maximum log-likelihood as:
where ) ( p is the probability density function of the feature being tested, and ˆ is an estimator of the maximum likelihood of parameter  . In the alternative hypothesis, a model with a changepoint at 1  was considered, where
Then the maximum logarithm of the likelihood function for a given 1  is specified by the formula:
Rejection of the null hypothesis leads to detection of a changepoint. We then take the estimate of 1  to be 1  , the value that maximizes
In determining the changepoints for the standard errors of the MIR mean, the Changes in Means and Variance function (cpt.meanvar())in the R package was used to find the changepoint in the mean and variance for the data, by means of the test statistic in the test.stat parameter under assumed normal distribution of the tested feature. The changes were detected using a method which can find a single control point: At Most One Change (AMOC). It was assumed that the changepoint occurs with 95% confidence using the Modified Bayes Information Criterion (MBIC) (Chen and Gupta, 2000) .
Results
Based on the field studies, a number of observations (regarding species of indicator macrophytes) were made for particular sites in respective quality classes (Fig. 1) . The total number of indicator species was 85, of which 14 occurred only in quality class I, 4 only in quality class III, and 10 only in quality class V. About 50% of the species found were detected in all of the analyzed quality classes. Indicator species were used to calculate the MIR at particular sites. For each of the examined sites, the MIR value was determined on the basis of formula (1), indicator numbers L and W known from the literature, and the coverage P determined in the field (Table 1) . The variance and standard error of the mean were also determined (Table 2 ).
In quality class I, the highest MIR value (56.11) was obtained at site 32, and It was observed that a small standard error of the mean was associated with a relatively large number of detected species at the site, while a large standard error was associated with a large number of missing taxa.
For example, at site 224, where 19 macrophyte species were detected, the MIR was 46.12 for the full range of species. Next, calculations were made on the basis of 1000 simulations for all combinations of missing species after removing 1, 2, 3, ... macrophyte species respectively. The selection of an equal number of simulations for each site had the aim of ensuring the same precision of the estimators. For all potential combinations of species deficiencies and calculated MIR, the mean MIR at n=1000 and the standard errors of the MIR means were determined. (Table 3 ).
In quality classes I and III, there were from 6 to 28 indicator species, while in quality class V there were from 6 to 21 species. For the determined MIR mean values and the standard error of the MIR mean, the AMOC analysis proved that for the standard error of the MIR mean, the changepoint occurs at an average of nine missing species in quality classes I and III, or eight species in quality class V.
Thus, in the studies conducted, it may be generally assumed that nine different species at the site are necessary for a proper determination of MIR. The regression of the number of missing species at the site was assessed against the standard errors of the MIR mean. It turned out that linear regression adequately evaluates this relation, as indicated by the high coefficients of determination given in Table 4 .
Based on the determined linear regression equations for the analyzed river quality classes, a relationship was determined between the number of observations and the value for which there is a change in the nature of the relationship between the missing observations and the standard errors of the MIR mean. Furthermore, by subtracting from the number of species identified at the site the position of the changepoint, the potential number of species necessary to calculate a reliable MIR was obtained. An adjustment of the linear regression equations was proposed for the obtained value pairs. On the basis of the equations obtained, the study determined the potential number of species that ought to be identified when re-examining the site. Such a relationship is illustrated in Table 6 . For example, if the actual number (unknown) of species found there was 6, then to estimate a proper MIR index, finding three species would be sufficient, regardless of the cleanliness of the river (Table 6 ).
Between the sites in the studied quality classes, the differences in individual changepoints predicted with a specific number of observations differ by at most one observation. Therefore, in practice, having a general idea of the level of biodiversity of a given watercourse, it is possible to state approximately how many species would be needed to determine the MIR. It should be noted that in the conducted studies, in some cases, a maximum of 26, 27, or 28 macrophyte species occurred at a site, the majority of which comprised species commonly found in rivers of every quality class. Excluding such sites, Table 6 shows that if there are 9-10 species at any site, one should not be concerned about the full species composition.
Discussion
The aim of the study was to check whether it is possible to provide an approximate number of species found at a site which is necessary to obtain the MIR indicator.
Due to the nature of the field studies conducted in medium-sized lowland rivers in Poland, some gaps in the collected data may be expected. Before assessing the quality of waters and consequently taking environmental decisions, it seems necessary to determine the degree of accuracy of the data and to take account of this in further actions. Among the most important sources of uncertainty which significantly affect the variance of indicators and the classification results of various groups of organisms, variability in space and time have already been observed in literature reports (Staniszewski et al., 2006; Carvalno et al., 2013) . Among the sources of variability related to macrophytes, significant challenges include the method of data collection in the field (Dudley et al., 2013; Kolada et al., 2010) , efficiency in recognizing and classifying the macrophytes, and most importantly, estimation of their coverage. In the source literature, great attention is paid to the unreliability of measurements caused by various errors related to the conduct of the experiment and the other factors mentioned above. However, it is difficult to find unambiguous information that would serve as a practical indication of how many species are necessary to determine the MIR at a site.
This study has shown that the assessment of river plant sampling efforts is difficult to carry out, and advanced statistical and simulation tools may prove very useful. Analyses show that the number of species required for full diversity in each quality class varies between 67 (class I), 66 (class V) and 51 (class III).
In total, 85 indicator species were detected in the conducted experiment. This value appears to be relatively small compared with the number of species which constitute the general resources and biodiversity of lowland Poland. It is estimated that the total aquatic flora of watercourses of this type includes about 115 species of vascular plants (Rutkowski, 2008; Bernatowicz and Wolny, 1969) .
In addition to typical macrophytes, 63 more terrestrial vascular plants may potentially develop in the waterfront zone (Rutkowski, 2008) . This number may be increased by bryophytes, with 10 liverworts and 15 mosses (Jusik, 2012) . In addition, 15 surface mosses are regularly recorded in sandy-bottomed lowland rivers (mainly Bryopsida and Mnium species). Moreover, nine structural algae may potentially occur in waters of this type (Cladophora, Ulva, Vaucheria, Oedogonium, Ulotrix, Spirogyra, Hildenbrandia, Rhizoclonium, Stigeoclonuim) .
This may indicate that many species could potentially be detected in mediumsized lowland rivers by increasing the sampling effort; at this stage, however, it is difficult to determine how many missing species should be found at a given site. Also, it should be considered whether such a sampling effort is worthwhile.
It may be observed that as the number of detected species increases, the standard error of the MIR mean for a given number of missing macrophytes decreases. It may also be seen that due to varying Li and Wi weight values, different species have different relevance for the determined MIR value.
It has been observed (in agreement with the existing literature) that the cleaner the river, the higher the calculated MIR values (Table 1 ). The MIR indicator may take a value from 10 (the most degraded) to 100 (the best). In the case of lowland rivers, the highest MIR values do not exceed 60 (Szoszkiewicz et al., 2010) . Values consistent with the literature were confirmed in the analyzed experiment and in the simulated data.
The approach used in the study in relation to confidence in changepoint detection was proposed by Hinkley (1970) . It originally used a statistical test for the asymptotic distribution of the probability coefficient of the change in mean in the case of a normal distribution; it was later extended to consider the change in variance for a normal distribution, and was further developed by Tang (1987), Silva Teixeira (2008) , and Eckley et al. (2011) for the Poisson distribution. The analysis revealed the approximate average number of omitted observations which still causes a significant change in the standard errors of the MIR mean. Therefore, it should be taken into account that after exceeding this point, further research will require more and more workload with relatively low cost-effectiveness.
Ultimately, based on linear regression, one may roughly indicate a potential location of the changepoint with a specific number of species. This value, however, should be treated as a guideline. This means that the issues discussed in this study do not fully address the question of the number of macrophyte species necessary to determine the MIR. It is also noteworthy that the changepoints in each of the discussed river quality classes, with a specific number of species detected at the site, may differ. This indicates that importance attaches not only to the number of species detected in a given environment, but also to the specific macrophyte species occurring there, with characteristic Li and Wi weight values, as well as the various degrees of coverage of macrophytes estimated in the field. Therefore, a necessary further stage of the research will be the assessment of the number of species needed to determine the MIR depending on what kind of species have been identified. This will make it possible to determine the so-called information value provided by specific indicator species of macrophytes to the MIR value in a given river type.
Depending on individual needs, before determining the MIR, it may be assumed that if a site contains nine species of indicator macrophytes, the standard error of the mean MIR will be small. However, this does not negate the fact that perhaps in certain specific situations fewer species would be enough, and in rare cases, finding another species would strengthen the obtained results.
Conclusions
 The presented study has shown that the accuracy of the determined MIR depends to a large extent on the completeness of the test sample taken at the site, regardless of the river quality class.
 Simulation analyses have shown the approximate average number of species of indicator plants needed to obtain the MIR value, with a slight error resulting from underestimation of the number of species at the site.
 In order to make more detailed calculations, one should take into account the amount of information provided by each single species with distinguishable L and W parameters, which may result in the saving of field work or greater precision in the analysis.
